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(57) Abstract 



Compounds of formulas (1) or (2) wherein each Ri is independently H or alkyl (1-8C) and R2 is alkyl (1-8C) or wherein 
the proximal R* and R2 taken together are -(CH^- wherein p = 3-5; R3 is H or alkyl (1-4Q; R* is fused or conjugated un- 
substituted or substituted bicycloaryl-methylene; n is 0, 1 or 2 ; m is 0 or 1 ; and X is OR* or NHR^hereinTPViror sub- 
stituted or unsubstituted alkyl (1-12C), aryl (6-12C), arylalkyl (6-16C); or X is an amino acid residue or amide thereof; or X 
is the residue of a cyclic amine or heterocyclic amine; wherein R« is H or lower alkyl (1-4Q and R 7 is H, lower alkyl (1-4C) 
or an acyl group, and wherein -CONR3- is optionally in modified isosteric form are useful for treating conditions which are 
characterized by unwanted matrix metalloprotease activities. 



+ See back of page 



+ DESIGNATIONS OF "SIT 



Any designation of "SIT* has effect in the Russian Federation. It is not yet known whether any such 
designation has effect in other States of the former Soviet Union. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCX. 



AT Austria 

AU Australia 

BB Ba r*wri*« 

B£ Belgium 

BP Burkina Faso 

BC Bulgaria 

BJ Benin 

BR Brazil 

CA Canada 

CF Cbntral African Republic 

CC Congo 

OU Switzerland 

CJ Cote d'lvoiru 

CM Cameroon 

CS Ceecbostovafcia 

OS Germany 

DK Denmark 



ES Spain 

PI Finland 

PR France 

GA Gabon 

GB United Kingdom 

CN Guinea 

CR Greece 

HU Hungary 

IT Italy 

JP Japan 

KP Democratic People** Republic 

of Korea 

KR Republic oT Korea 

LI Liechtenstein 

LK Sri Lanka 

LU Luxembourg 

MC Mouaco 



MG Madagascar 

ML Mali 

MN Mongolia 

MR Mauritania 

MW Malawi 

NL Netherlands 

NO Norway 

PL Poland 

BO Romania 

SD Sudan 

SB Sweden 

SH Senegal 

SU+ Soviet Union 

TD Chad 

TG Togo 

US United Slates of America 



WO 92/09556 



PCT/US91/08723 



-1- 



5 

TMPPOVED M&TRTy MET^ T.T.nPBOTEASK INHIBITORS 
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Technical Field 

The invention is directed to pharmaceuticals 
which are useful in diseases characterized by unwanted 
collagenase activity. More specifically, the invention 
concerns substituted or unsubstituted hydroxamates which 
include fused or conjugated bicycloaryl substituents . 



Backgrou nd Art 

There are a number of enzymes which effect the 

breakdown of structural proteins and which are struc- 
turally related metalloproteases . These include human 
skin fibroblast collagenase, human skin fibroblast 
gelatinase, human sputum collagenase and gelatinase, and 
human stromelysin. These are zinc- containing metallo- 
25 protease enzymes, as are the angiotensin- converting 
enzymes and the enkephalinases . 

Collagenase and related enzymes are important 
in mediating the symptomology of a number of diseases, 
including rheumatoid arthritis (Mullins, D.E., et al., 
30 -R^hvs Acta (1983) £25.: 117-214) ; the metastasis 

of tumor cells (ifeid^, Broadhurst, M.J., et al., BP 
application 27S436 (1987), Reich, R. , et al.. Cancer Reg 
(1988) 48:3307-3312); and various ulcerated conditions. 
Ulcerative conditions can result in the cornea as the 
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~ « a -result of infection by 
unwanted matrix metaxxop ^ sc ieritis. 

prepare inhibitors to c antjlicati ons 126,974 

inhibitors are disclosed £ « ^f^ a 1985) to 

con^H- substitute at the » ~* 

, — t-r» the amino nitrogen. 

substituents bonded to the compounds of the 

More closely related to tne comp 

present — are those ^^."J^ 
I.599.361 and 4.743.587. also assigned to^ ^ 

„ are nvdroxylamine dipeptide aenvau 
These compounds are hydroxy a tyrosine or 

r^:rr:^e^r or r - 

r^nylaL^e - - disclo sedin *=T 

application W088/06890. some of these c«*ounds also 

contain i-butyl side chains. „„ a , OBea . fot the 

inhibitors have also been disclosed tor to 
inninito include hydroxamic 

related protease, thermolyein. These i 

peptide derivatives described by Hishino. ... et al^. 
. „ ~<.,-™ 11979) 18:4340-4347; Nishino, N. , et al.. 

S™, ^2846-3850. Tryptophan is^so 
Subtherapeutic in various =ond™ — ° E 
„hich »ay involve collate (see or «^ 
57/058626; U.S. 4,698.342; 4.291,048). Also, 1 
o£ bacterial collagenases have been disclosed m 0 .s. 
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It has now been found that the compounds 

ascribed neiow nave superior inhibiting act with 

descrioeu. invent x on 

aspect to matrix roetalloproteases The 1 le for 

compounds add to the repertoire of agents a 
the treatment of conditions and 

characterized by unwanted activity ^^Y esigMted 
proteins which destroy structural proteins and 
"matrix metalloprotease" herein. 

^^-.^^ of the mventifl B ^^ounds which are 

invention provides new confounds wh 

bicycloaromatic amino acid residues into a 
Substituted fcydroxamate-derivatized matrix metallo 

protease inhibitor. invention is 

Accordingly, in one aspect, the mve 

directed to compounds of the formula: 
„ K 7 0NR 6 CO -/ch\ -CHCON-CHCOX } 




or 




R 7 ONR 6 CO-/ Ch\ -C=CCON-CHCOX (2) 

fill 14 2 i4 4 
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h p 1 is independently H or alkyl (1- 

d , U-SC, or prox^ * an, 

8C) and R is alKyJ- vx ow/ . 

R 2 taken together are -(CH^- wherexn p - 3 5. 
R 3 is H or alkyl (1-4C) ; 

R 4 is fused or conjugated unsubstxtuted or 
substituted bicycloaryl methylene; 
n is 0, 1 or 2; 
m is 0 or 1; and 

tuC ed or unsnbs C i t u«d ai^l <!-««. «-" C> ' ~* 

allty l ,«-««, or residue or amide . « 

X is residue of a cyclio amine or hetero- 
cyclic amine; and _ 7 B _ 

R 6 is H or lower alkyl U 

^'^dT^ - —ion 

«. pounds ^rein -CO- ^j^T^rf- . 

repiaced W a -^"^r 1 !^" -^co-! 

-O^CHR 3 -, -CH=CR J -, -COCHR , 

- CF - CR3 -' ^ s r=o^unds *avs «- aoiUty - ^ « 

iease one — U- — — -™ 

in otner aspects, th. invents « * £ fonmlla 

^'.etalloprotease activity ^ -s — 

- ^SS^^oc^ can be 

proteases at a P"*^^ comp0 unds of the invention to 
targeted by con^ugatxng the ccanpo ^cation 
a targeting ligand specxfxc for a * re ceptor 

such as an antibody or fragment thereof or a recept 

ligand. 
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The invention is also directed to various other 
processes which take advantage of the unique properties 
of these compounds. Thus, in another aspect, the 
invention is directed to the compounds of formulas l or 2 
5 conjugated to solid supports. These conjugates can be 
used as affinity reagents for the purification of a 
desired matrix metalloprotease. 

In another aspect, the invention is directed to 
the compounds of formula 1 or 2 conjugated to label. As 
10 the compounds of the invention selectively bind to at 

least one matrix metalloprotease, the label can be used 
to detect the presence of unusually large amounts of 
matrix metalloprotease i& vivo or is vitro cell culture. 

In addition, the compounds of formula 1 or 2 
15 can be conjugated to carriers which permit the use of 
these compounds in immunization protocols to prepare 
antibodies specifically immunoreactive with the compounds 
of the invention. These antibodies are then useful both 
in therapy and in monitoring the dosage of the 

20 inhibitors. 

In still another aspect, the invention is 

directed to methods to prepare the compounds of formulas 

1 and 2 and to novel intermediates in their preparation. 

25 Brief Description of the Drawings 

Figure 1 is a graph which shows the effect of 
the inhibitor of the invention on corneal burns using a 
clinical scoring method. 

Figure 2 shows the corresponding effect of the 
30 compound of the invention on corneal burns using a 
perforation criterion. 
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^„ ^ runner Onf rhf Tnventj-QB 

■me invention compounds are xnhxbxtors of 
a^lian matrix metalloproteases . As used herexn, 
^Ixian matrix ^loprotease" means any enzyme *«* 

5 in mammalian sources which is capable of tb. 
.renown of collagen, gelatin or F«^^ 
suitable assay conditions. Appropriate assay -n^xons 
can be found, for example, in U.S. patent 4 ^ 587 ' 
which references the procedure of Cawston, et al., An^ 
whxch 340-345, use of a synthetic substrate 

10 SIS^^E^ H.. et al.. ******** 

(198 J Any ^™ ns f0 c L, 

anting the breakdown of these structural protexns can. 
Tcourse. be used. The matrix metalloprotease enzymes 

ls referred to in the herein invention are all «mc- 

containing proteases which are similar i, = ture to . 
for example, human stromelysin or skxn fibroblast 
collagenase^ ^ co^ound, to inhibit 

20 matrix metalloprotease activity can. of course. 
in the assays described above. Isolated 
protease enzymes can be used to confirm 
activity of the invention compounds, or crude extracts 
which contain the range of enzymes capable of txssue 

25 breakdown can be used. 

The invention compounds can be considered to 
. comprise two components linked by an amide or modxf xed 
amide bond. One component is substituted or 
^stituted hydroxamate derivative of a 

30 "id backbone, wherein the alternate carboxyl g««" 
t he amide or modified bond with an amino acxd or analog 
thereof. The amino acid or analog is the resxdue of an 
^no acid or analog which contains a fused or co^ugated 
fcicycloaromatic system, such as a tryptophan resxdue or a 
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naphthylalanyl residue. This residue can also be 
abated or can be extended by one or two additional 
amino acid residues. Thus, the compounds of the 
invention can be prepared by reaction of the corres- 
5 ponding underivatized compounds which are carboxylic 

acids or esters of the dicarboxylic residue with suitable 

reagents. _ 

The dicarboxylic acid residue in formula 1 

contains at least one and, in some instances, two or more 
0 chiral centers. Either configuration at any chiral 

center is included within the invention, as are mixtures 
of compounds containing the two possible configurations 
at each point of chirality. However, it is generally 
found that a particular configuration at each of these 
5 chiral centers is preferred. Similarly, in the compounds 
of formula 2. the double bond can be either the cis or 
trans configuration. In this case, also, one or the 
other configuration for a particular set of embodiments 
will be preferred. The carbon to which R is bound is 
10 chiral in both formulas. While both configurations are 
included in the invention, that corresponding to an L- 
amino acid is preferred. 

The amide bond shown as -CONR - in the 
compounds of formulas 1 and 2 may be in "modified 

25 isosteric* form. Compounds of the invention where this 
is the case are preferred when oral administration is 
desirable. By "modified isosteric form- is meant that m 
lieu of the functionality -CONR 3 -. the compound has 
instead a moiety such as those selected from the group 

. . * «n k»3 -CH-NR 3 -COCHR 3 -, -CH(OH)NR , 

30 consisting of -CH 2 NR -, -CH mk , 

3 «««m3 ru.n? 3 - CF=CR and -NR CO- . 
-CH(OH)CHR -, -CSCHR -, -CH-CR , <-r <-"■ <*" 

As used herein, "alkyl" has its conventional 
meaning as a straight chain, branched chain or cyclic 
saturated hydrocarbyl residue such as methyl, ethyl, 



WO 92/09556 



PCT/US91/08723 



-8- 



10 



15 



20 



25 



30 



35 



isobutyl. cyclohexyl. t-nutyl -or the like. The al*yl 
utsl^ of the invention are - the «~ - 

carbons noted which may be substitute* «th 1 or 2 

suostituente. substituents are generally those wh.ch do 

not interfere with the activity o£ the compound. 

including hydro*yl. a-ino. and the like. *T 

refers to aromatic ring system such as 

pyridyl. ouinolyl. indoly^ ^ and the -e; aryl alfcyl^ 

refers to aryl residues linked to the position 

Si an aLyl residue. ^ — 

„ay be substituted or unsubstituted. «yl 
suLtituent Of the for^a RCO- wherein * is alKyl or 
arylalfcyl as above-defined. The n«ber of carbons in the 

group is generally 1-15; however as the acyl 
^tLte is readily hydroxy! ^ " 
the group is relatively ununportant. Cyclic 
refer to those amines where the nitrogen is part of a 
Lterocyclic ring, such as piperidine. -heterocyclic 
amines" refer to such heterocycles which contain an 
additional heteroatom, such as morpholine. 

in the compounds of formula 1, preferred ^ 
e^odi^ants for * and R 2 include those ^ to .~<* * 
is H or Me and is alKyl of 3-8C. especially isobutyl. 
2-n.ethyl butyl, or isopropyl. Especially P-^"^ 
isobutyl. Preferred also are those co-pounds of formula 

X or 2 wherein n=l or m=l. 

in both formula 1 and 2 compounds, preferred 

embodiments of R 3 are H and methyl, especially 

R 4 is a fused or conjugated bicyclo aromatic 
system linked through a methylene group to the -° lecul - 
reused or conjugated bicyclo aromatic system* i- meant 
a two-ringed system with aromatic character 
further, contain one or more heteroatoms such as S, N. or 
O «hen a heteroatom such as N is included, the system 
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as it forms a part of formula (1) or (2), may contain an 
acyl protecting group (1-5C) attached to the nitrogen. 
Representative bicyclo fused aromatic systems include 
naphthyl, indolyl, quinolinyl, and isoquinolinyl. 
Representative conjugated systems include biphenyl, 
4-phenylpyrimidyl, 3-phenylpyridyl and the like. in all 
cases, any available position of the fused or conjugated 
bicyclic system can be used for attachment through the 
methylene. The fused or conjugated aromatic system may 
further be substituted by 1-2 alkyl (1-4C) residues 
and/or hydroxy or any ring nitrogens may be acylated. 
Preferred acylation is acetylation. 

Preferred embodiments of R 4 include 1- {2 -methyl 
naphthyl) methylene; l-quinolyl methylene; 1- naphthyl 
15 methylene; 2-naphthyl methylene; l-isoquinolyl methylene; 
3-isoquinolyl methylene; 3 - thionaphthenyl methylene ; 
3-cumaronyl methylene; 3- (5 -methylindolyl) methylene; 
3- (5 -hydroxyindolyl) methylene; 3- (2-hydroxyindolyl) - 
methylene; biphenyl methylene; and 4-phenylpyrimidyl 
20 methylene; and the substituted forms thereof. 

Many of these substituents as part of an amino 
acid residue are described in Greenstein and Winitz, 
"Chemistry of the Amino Acids" (1961) 3:2731-2741 (John 
Wiley & Sons, NY) . 
25 A particularly preferred embodiment of R is 

3-indolyl methylene or its N-acylated derivative- -i.e. , 
that embodiment wherein the W C- terminal" amino acid is a 
tryptophan residue or a protected form thereof. A 
preferred configuration at the carbon to which R is 
30 bound is that corresponding to L - tryptophan . 

Preferred embodiments of X are those of the 
formula NHR 5 wherein R 5 is H, substituted or unsubsti- 
tuted alkyl (1-12C) or aryl alkyl (6-12C) . Particularly 
preferred substitutions on R 5 are a hydroxy 1 group, or a 
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phenylmethoxycarbamyl (CBZ) residue. In addition, the 
compound may be extended by embodiments wherein X is an 
additional amino acid residue, particularly a glycyl 
residue, which may also be amidated as described* 

5 

Therapeutic Use of the Compo unds of the Invention 

As set forth in the Background section above, a 
number of diseases are known to be mediated by excess or 
undesired matrix- destroying metalloprotease activity. 

10 These include tumor metastasis, rheumatoid arthritis, 
skin inflammation, ulcerations, particularly of the 
cornea, reaction to infection, and the like. Thus, the 
compounds of the invention are useful in therapy with 
regard to conditions involving this unwanted activity. 

15 The invention compounds can therefore be 

formulated into pharmaceutical compositions for use in 
treatment or prophylaxis of these conditions. Standard 
pharmaceutical formulation techniques are used, such as 
those disclosed in P<=*nTTi qt-_on' s Pha rmaceutical Sciences, 

20 Mack. Publishing Company, Easton, PA, latest edition. 

For indications to be treated systemically, it 
is preferred that the compounds be injected. These 
conditions include rheumatoid arthritis and tumor 
metastasis. The compounds can be formulated for 

25 injection using excipients conventional for such purpose 
such as physiological saline, Hank's solution. Ringer's 
solution, and the like. Injection can be intravenous, 
intramuscular, intraperitoneal or subcutaneous. Dosage 
levels are of the order of 0.1 /-tg/kg of subject to 

30 1 mg/kg of subject, depending, of course, on the nature 

of the condition, the nature of the subject, the particu- 
lar embodiment of the invention compounds chosen, and the 
nature of the formulation and route of administration. 
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In addition to administration by injection, the 
compounds of the invention can also be formulated into 
con$)Ositions for transdermal or transmucosal delivery by 
including agents which effect penetration of these 
5 tissues, such as bile salts, fusidic acid derivatives, 
cholic acid, and the like. The invention compounds can 
also be used in liposome -based delivery systems and in 
formulations for topical and oral administration 
depending on the nature of the condition to be treated. 

10 Oral administration is especially advantageous for those 
compounds wherein the moiety - CONR - is in a modified 
isosteric form. These compounds resist the hydrolytic 
action of the digestive tract. Oral formulations include 
syrups, tablets, capsules, and the like, or the compound 

15 may be administered in food or juice. 

The inhibitors of the invention can be targeted 
to specific locations where the matrix metalloprotease is 
accumulated by using targeting ligands. For example, to 
focus the inhibitors to matrix metalloprotease contained 

20 in a tumor, the inhibitor is conjugated to an antibody or 
fragment thereof which is immunoreactive with a tumor 
marker as is generally understood in the preparation of 
immunotoxins in general. The targeting ligand can also 
be a ligand suitable for a receptor which is present on 

25 the tumor. Any targeting ligand which specifically 

reacts with a marker for the intended target tissue can 
be used. Methods for coupling the invention compound to 
the targeting ligand are well known and are similar to 
those described below for coupling to carrier. The 

30 conjugates are formulated and administered as described 
above . 

For localized conditions, topical adminis- 
tration is preferred. For example, to treat ulcerated 
cornea, direct application to the affected eye may employ 
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a formulation as eyedrops or aerosol. For corneal 
treatment, the compound, of the invention can *^ 
Elated as gels or ointments, or can be --rporated 
into collagen or a hydrophilic polymer shield. The 
materials can also be inserted as a contact lens or 
reservoir or as a subconjunctival formulation. For 
treatment of skin inflammation, the compound is applied 
locally and topically, in a gel, paste, salve or 
ointent. The mode of treatment thus reflects the nature 
of the condition and suitable formulations for any 

selected route are available in the art. 
selected conditions that are suscep- 

tive to treatment using the compounds of the in~n 
include stomach ulcers, superficial wounds of any typ^ 
epidermolysis bullosa, various forms of skin cancer and 
pemphigus. It is well known that collagenase is involved 
in the progress of stomach ulcers, as described by 
ZTe TTet al., J*S^Um (1987) 1*181-190, 

SSI ^133-14!. Collagenase is also found in marginal 
wound tissue as reviewed by Mullins, D.E., et al., 

«<™hv Acta U983) £2£:177-214, and patients 
showing impaired wound healing are known to have 

i-v in the wound tissue. For 
increased collagenase activity in the woun 

t, t oh al , t porliat Surer (1990) 

example, Hennesey, et ax. , sua 

^-78, showed this to be the case in diabetes; Sank, 
7' et al., Surgery. (198 9) 1^:1141-1148, demonstrated 
this enhanced collagenase activity in paraplegia, chronic 
renal failure, and Cushings disease. T*us, the 
collagenase inhibitors of the invention are useful m any 
ulcerative skin condition, including, for exa ^ 1 ^' 
decubitus ulcers, or other conditions where woundhealing 
is slow, other conditions susceptible to treatment by the 
compounds of the invention include corneal or scleral 



WO 92/09556 



PCT/US91/08723 



-13- 



siting associated with keratomalacia, scleromalacia 
perforans and connective tissue diseases. 

This is also the case with respect to wounds 
inflicted in the course of medical treatment. It has 

5 b een demonstrated that collagenase inhibitors enhance the 
ftrength of suture lines and suture holding capacity x 
intestinal anastomoses in rats (Hogstrom, H ^ ^ 
^ (1985) 18^:451-455. Other topical conditions 
Ss^ive to the collagenase inhibitors of the invention 

0 ir/lude epidermolysis bullosa where increased collagenase 

activity has been ^n 

Path (1978) 22:509-566, pp. 539-541). It is 

^^^hv i<5 increased in the stroma 

that collagenase activity is incxeao 

that co g carc i n oma and throughout tumor 

surrounding basal cell carcxntw mA-ia^r s 

5 stromas in ulcerated basal cell carcinoma **' 
J W et al., ^m^cadJg^SL (1987) 17:1025-1032) . 

' Pu^neTlhTmatrix metalloprotease inhibitors 

of the invention are useful in the treatment of septic 
snock and in the treatment of adult respiratory distress 
20 syndrome (UDB) . The role of plasma P~ te * 8e * 
sh ock has been shown by Colman, R.C New ff n q Jf 
(19 89) 320:1207-1210, and the participation of neutrophil 
proteaseTin both septic shock and ARDS has been shown by 
Idell, S., et al., ,,n p W P^i» d»85) 1^:1098- 

25 1105. in the case of these conditions, the compounds of 
the invention protect the connective tissue directly from 
digestion by matrix metalloproteases as well as prevent 
the degradation of collagen and therefore prevention of 
Known chemotaxis of neutrophils toward collagen fragments 
30 (Werb, Z., in -Textbook of Rheumatology," Ke lley, W_N 

et al eds. (1989) W.B. Saunders, Philadelphia. 3rd ed., 
pp. 300-320) . The compounds of the invention 
" prevent the inactivation of plasma protease inhibitors by 
matrix metalloproteases (Werb, Z. sjiBEa.) • 
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in all of the foregoing, of course, the 
compounds of the invention can he administered a^one or 
aHixtures, and the compositions may further xnclude 
additional drugs or excipients as approprxate for the 

^ of the compounds of the Mention also 
inhibit bacterial metalloproteases although generally 
a lower level than that exhibited with respect to 
mammalian metalloproteases . Some tectenal 
metalloproteases seem to be less dependent on the 
geochemistry of the inhibitor, whereas substantxal 
differences are found between diastereomers xn thexr 
ability to inactivate the mammalian proteases. Thus, 
Sis pattern of activity can be used to distxnguxsh 
between the mammalian and bacterial enzymes. 

-T- H " n n ^ of RT1 t-ibodies. ut i lize d in 

The invention compounds can also be utxlxzed m 

immunization protocols to obtain antisera 

invention compounds. As the invention compounds 
are relatively small haptens, they are advantageously 
coupled to antigenically neutral carriers such « the 
conventionally used keyhole limpet hemocyanxn (Dfl) or 
serum albumin carriers. Coupling to carrier can be done 
by methods generally known in the art; the -COX 
functionality of the invention compounds offers a 
particularly convenient site for application of 
techniques. For example, the COX residue can be reduced 
to an aldehyde and coupled to carrier through reactxon 
with sidechain amino groups in protein-based carriers, 
Optionally followed by reduction of imino linkage formed. 
tL COX residue wherein X-OH can also be reacted wxth 
sidechain amino groups using condensing agents such as 
dicyclohexyl carbodiimide or other carbodixmxde 
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dehydrating agents. Linker compounds can also be used to 
effect the coupling; both homobifunctional and heterobi- 
functional linkers are available from Pierce Chemical 
Company, Rockford, IL. Compounds 31-34 described in the 
5 exan5>les below are designed to be coupled to 

antigenically neutral carriers through their C- terminal 
carboxyl groups (or amino groups in compound 32) using 
appropriate coupling agents. 

The resulting immunogenic complex can then be 

10 injected into suitable mammalian subjects such as mice, 
rabbits, and the like. Suitable protocols involve 
repeated injection of the immunogen in the presence of 
adjuvants according to a schedule which boosts production 
of antibodies in the serum. The titers of the immune 

15 serum can readily be measured using immunoassay proce- 
dures, now standard in the art, employing the invention 
compounds as antigens. 

The antisera obtained can be used directly or 
monoclonal antibodies may be obtained by harvesting the 

20 peripheral blood lymphocytes or the spleen of the 

immunized animal and immortalizing the antibody-producing 
cells, followed by identifying the suitable antibody 
producers using standard immunoassay techniques. 

The polyclonal or monoclonal preparations are 

25 then useful in monitoring therapy or prophylaxis regimens 
involving the compounds of the invention. Suitable 
samples such as those derived from blood, serum, urine, 
or saliva can be tested for the presence of the 
administered inhibitor at various times during the 

30 treatment protocol using standard immunoassay techniques 
which employ the antibody preparations of the invention. 

The invention compounds can also be coupled to 
labels such as scintigraphic labels, e.g., technetium 99 
or 1-131, using standard coupling methods. The labeled 
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compounds are administered to subjects to determine the 
Locations of excess amounts of one or more matrix 
metalloproteases in vivo. The ability of the inhibitors 
to selectively bind matrix metalloprotease is thus taken 
5 advantage of to map the distribution of these enzymes 

ia situ. The techniques can also, of course, be employed 
in histological procedures and the labeled invention 
compounds can be used in competitive immunoassays. 

10 rrgft As Af ^-it-y T.icrands 

The invention compounds can be coupled to solxd 
supports, such as separation membranes, chromatographic 
supports such as agarose, sepharose, polyacrylamide, and 
the like, or to microtiter plates to obtain affinity 

15 supports useful in purification of various mammalian 

matrix metalloproteases. The selective binding of the 
matrix metalloproteases to the inhibitor ligand permits 
the adsorption of the desired enzyme and its subsequent 
elution using, for example, altered ionic strength and/or 

20 pH conditions. 

proparation o^ Invent"! on Compounds 

In general, the invention compounds that are 
hydroxamates are obtained by converting a carboxylic acid 
25 or ester precursor of the formulas 




R00C-/ Of \ -CHCON-CHCOX 
>2 

R R-*R 



30 



or 
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ROOC-/CH\ -C=CCON-CHCOX 

LL I3I4 



R R R R' 

m 



5 wherein R is H or alkyl (1-6C) to the corresponding 
hydroxamates by treating these compounds or their 
activated forms with hydroxylamine under conditions which 
effect the conversion. 

With respect to starting materials, the 

10 components forming the -NR 3 -CHR 4 COX moiety are readily 
available in the case of tryptophan and its analogs as 
esters or amides. As set forth above, many analogous 
fused bicyclo aromatic amino acids are described by 
Greenstein and Winitz (supra) . Amino acids corresponding 

15 to those wherein R 4 is 1- (2 -methyl naphthyl) methylene; 1- 
quinolyl -methylene; 1- naphthyl methylene; 1-isoquinolyl 
methylene; and 3-isoquinolyl methylene can be prepared 
from the bicyclo aromatic methylene halides using the 
acetamido malonic ester synthesis of amino acids, as is 

20 well understood in the art* The methylene halides 
themselves can be prepared from their corresponding 
carboxylic acids by reduction with lithium aluminum 
hydride and bromination of the resulting alcohol with 
thionyl bromide. 

25 In general, the hydroxylamine reagent is formed 

in situ by mixing the hydroxylamine hydrochloride salt 
with an excess of KOH in methanol and removing the 
precipitated potassium chloride by filtration. The 
filtrate is then stirred with the precursor activated 

30 carboxylic acid or ester of formula 3 or 4 for several 
hours at room temperature, and the mixture is then 
evaporated to dryness under reduced pressure. The. 
residue is acidified, then extracted with a suitable 
organic solvent such as ethyl acetate, the extract washed 
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1th aqueous potassium bisulfate and salt, ana *~« a 
£tt a^olid drying agent such as anhydrous rcagnesn-um 
]£LL L^ract is then again evaporated to dryness 

^ ^"^substituted ^ °t »e hy™ate which 

7 ^i-^ocsized in an analogous manner but 
include -NHOR are synthesized iu 

desired to obtain the R OMR - derivative of the 
cardie acid. Similarly, HMR*0H may be reacted with 
^ ^11= acid to obtain the HOMR*- derivative . 
HNCH3OH and H 2 N0CH 3 are commercially available. 

To prepare the starting materials of formula* 3 
and 4, the monoesterif ied carbolic acid of the formula 

ROOc/cH^ -CHCOOH 

[W 1 



or of the formula 



ROOC 



/CH 



25 Ir 1 



-C=CCOOH 
R 3 ^ 



m 



35 



is reacted with the acid of the formula 
NHR 3 CHR 4 COX 

wherein x is other than OH under conditions wherein the 
condensation to form the amide bond occurs- Such 
conditions typically comprise mixture of the two c~*o- 
nents in a nonaqueous anhydrous polar aprotxc solvent xn 
the presence of base and a condensing agent such as a 
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carbodiimide. Thus, the formation of the amide linkage 
can be catalyzed in the presence of standard dehydration 
agents such as the carbodiimides, for example dicydo- 
hexyl carbodiimide, or N, N-carbonyl diimidazole. The 
5 product is then recovered as a mixture of diastereomers 
of formula 3 or 4. This mixture is preferably used for 
the conversion to the hydroxamate and one of the 
resulting diastereomers is crystallized directly from the 
product mixture* Alternatively, the diastereomers are 
10 separated by flash chromatography before conversion to 
the hydroxamate and recovered separately. This process 
is less preferred as compared to the process wherein 
separation of the diastereomers is reserved until the 
final product is obtained. 
15 m the notation used in the examples, the n A n 

isomer is defined as that which migrates faster on TLC; 
the n B B isomer as that which migrates more slowly. When 
the "L n form of tryptophan or other amino acid containing 
a fused bicycloaromatic ring system is used as the 
20 residue, and R 1 is H, in general, the "A" form is that 
which contains the corresponding configuration at the 
carbon containing the R 2 substituent (providing that is 
the only other center of asymmetry) in the final 
hydroxamate product. However, in Example 2, below, where 
25 D-tryptophan is included in the composition, the n B n 
isomer contains what would correspond to an "L n 
configuration at the carbon containing R in the 
compounds of formula 1. 

When R 6 and/ or R 7 = alkyl, the corresponding O- 
3 0 or N- alkyl hydroxylamine is reacted with the methyl 

ester 4A as performed for unsubstituted hydroxylamine in 
Example 1. Alternatively, the methyl ester 4A can.be 
saponified to its corresponding carboxylic acid and 
activated with oxalyl chloride or other condensing agent. 
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The alkyl hydroxylamine can then be reacted with the 

activated carboxylic acid to give the O- or N- substituted 

hydroxamic acid. 0- and N-methylhydroxylamine can be 

purchased from the Aldrich Chemical Company. 

5 Other N- alkyl hydroxylamines can be synthesized 

by conversion of aliphatic aldehydes to their oximes, 

followed by reduction to the N- alkyl hydroxylamine with 

borane- pyridine complex in the presence of 6N HC1 

(Kawase, M. and Kikugawa:, Y.J., rh^m Soc, Perkin Trans 

10 (1979) 1:643. Other 0-alkyl hydroxylamines can be 

synthesized by the general methods given by Roberts, 

J.S., "Derivatives of Hydroxylamine, n Chapter 6-4 in 

Barton, D. , et al., eds., Com prehen d ve Organic Chemistry 

(1979) 2:187-188 (Pergamon Press, Oxford) . The two 

7 

15 general methods employed are displacement by R 0 of a 
leaving group from hydroxylamine sulfonic acid or 
chloramine, and O-alkylation of a hydroxamic acid with 
R 7 -X followed by hydrolysis: 

R 7 0" + NH20S0 3 H (or NI^Cl) > NI^OR 7 

H 3 0 + 

RCO-NHOH + R 7 X > RC0-NH0R 7 > NH 2 OR 

For R 7 = acyl, a hydroxamic acid of this 
invention can be acylated with an acid chloride, 
anhydride , or other acylating agent to give the compounds 
of this class (see Examples 19 and 20) . 

In some cases the derivatized maleic and 
succinic acid residues required for synthesis of the 
invention compounds are commercially available. If not, 
these can readily be prepared, in embodiments wherein R 
is H or alkyl (1-8C) by reaction of a 2-oxocarboxylic 
ester of the formula R 2 COCOOR' in a Wittig reaction with 
an alkyl triphenylphosphoranylidene acetate or a- 
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triphenylphosphoranylidene alkanoate. The methyl acetate 
or alkanoate is preferred , but any suitable ester can be 
employed. This reaction is conducted in a nonaqueous, 
nonpolar solvent usually at room temperature. The 
resultant compound is of the formula ROOCCR 1 =CR 2 COOR' , 
wherein R and R' are residues of esterifying alkyl or 
arylalJcyl alcohols. 

If the compounds of formula 4 are desired, this 
product is condensed with the appropriate tryptophan or 
analogous derivative; if the compounds of formula 3 are 
desired, the intermediate is reduced using hydrogen with 
a suitable catalyst. The sequence of reactions to obtain 
those embodiments wherein R 1 is H or alkyl, n is 1 and m 
is 0, and R is alkyl are shown in Reaction Scheme 1. 
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Reaction Scheme 1 



RaCOCOOR' 



10 



03P=CHCOOCH3 



15 



20 




GH 3 OOCCH=C-COOR' 
R* 



(E+Z) 



CH3OOCCH2CHCOOR 
R* 

(R+S) 



HN — CHCOX 



25 



formula (2) 



formula (1) 



30 



* The hydrogenation reaction will remove R f 
when R 1 =* benzyl. 
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1 2 

For those embodiments wherein R and R taken 
together are (CH 2 )p, the compounds of the invention are 
prepared analogously to the manner set forth in Reaction 
Scheme 1, except that the intermediate of the formula 
5 ROOCCHR 1 CHR 2 COOH is prepared from the corresponding 

1,2- cycloalkane dicarboxylic acid- -i.e., 1 , 2 - cyclopentane 
dicarboxylic acid anhydride; 1,2-cyclohexane dicarboxylic 
anhydride or l # 2-cycloheptane dicarboxylic anhydride. 

For compounds wherein -CONR 3 - is in modified 

10 isosteric form, these forms can be prepared by methods 
known in the art. The following references describe 
preparation of peptide analogs which include these 
alternative -linking moieties: Spatola, A.F., Vegfr Data 
(March 1983), Vol. 1, Issue 3, "Peptide Backbone 

15 Modifications" (general review); Spatola, A.F., in 

"Chemistry and Biochemistry of Amino Acids Peptides and 
Proteins , H B. Weinstein, eds., Marcel Dekker, New York, 
p. 267 (1983) (general review); Morley, J.S., Trends 
Pharm Sci (1980) pp. 463-468 (general review); Hudson, 

20 D., et al., Int J Pent Prot Res (1979) AA:177-185 

{-CH 2 NR 3 -, -CH 2 CHR 3 -); Spatola, A.F., et al., Life gcj 
(1986) 1^:1243-1249 (-CH 2 -S); Hann, M.M. , J Chem Soc 
Perkin Trans I (1982) 307-314 (-CH-CR 3 - , cis and trans); 
Almguist, R.G., et al., J Med Chem (1980) 23:1392-1398 

25 (-C0CHR 3 -); Jennings -White, C. , et al,. Tetrahedron Lett 

(1982) 21:2533 ( - COCHR 3 - ) ; Szelke, M. , et al., European 
Application EP 45665 (1982) CA:S7:39405 (1982) 
(-CH(OH)CHR 3 -) ; Holladay, M.W. , et al., Tetrahedron Lett 

(1983) 24:4401-4404 ( -C (OH) CH 2 - ) ; and Hruby, V.J. , Life 
30 Sci (1982) 11:189-199 <-CH 2 -S-). 

Preferred compounds of the invention include: 



35 



HONHCOCH 2 CH ( n - hexy 1 ) -CO-L-Trp-NHMe; 
HONHCOCH 2 CH(n-pentyl) -CO-L-Trp-NHMe; 
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HONHCOC^CHd-pentyD -CO-L-Tr^NHMe, 

HONHC0CH 2 CH(ethyl) -CO-L-Trp-NH^ 2 ^3^ 
HONHCOCH 2 CH ( ethyl ) -CO-L-Trp-^CH O^, 
HONHCOCH 2 2 CH(e t hyl) -CO-L-Trp-NHcyclohexyl , 
M eONHCOCH 2 CH(iBu) -CO-L-Trp-NHEt ; 
EtONMeCOCH 2 CH(iBu) -CO-L-Trp-NHEt; 

MeONHCOCn/cHCiBu) ^^^^ 
EtONMeCOCH 2 CH(iBu) -CO-L-Ala(2-napiitny 

HONHCOCH 2 CH(i-Bu) CO-L-Trp-NHMe; 
HO OT COCH 2 CH(i-Bu)CO-L-Trp- N H(CH 2 ) 2 OH 

HONHCOCH^CHd-Bu) C0-L-Trp-NH(CH 2 ) e 1 " 1 "^' 
^-(i-Bu^L-^ 
HONHCOC^CHd-Bu) C0-L-Trp-NH(CH 2 ) 4CH3 > 

HONHCOCH.CHd-Bu) CO-L-Trp-NH (CH 2 > ^ 
HONHCOC^CHCi-Bu) CO-L-Trp-NHcyclohexyl, 
H0NHCOCH 2 CH(i-Bu) -L-Trp-OH; 
HONMeCOC^CH (i-Bu) CO-L-Trp-NHMe; 
HONEtCOC^CHd-Bu) CO-L-Trp-NHMe; 
CH,COONHCOCH 2 CH(i-Bu) CO-L-Trp-NHMe; 
*C00NHC0CH 2 CH(i-Bu) CO-L-Trp-NHMe; 
CH,C00NMeC0CH 2 CH(i-Bu) CO-L-Trp-NHMe; and 
^OCOONEtCOC^CHd-Bu) CO-L-Trp-NHMe. 

Tne following examples are intended to 
illustrate but not to limit the invention. 

py&MPLES 

, OQ heiow TLC solvent systems are 
In the examples below, ±u 
- 1-, - (A) ethyl acetate/methanol (95:5); (B) etny 
as follows: (A) ethyl a aceta te; (D) ethyl 

acetate/methanol (25:5); (C) etnyx 
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i /-»n.«;\. (E) ethyl acetate/hexane (1:1); 
acetate/methanol (30:5), (B) etny 
(P , chloroform/methanol/acetic acid (30:6:2); (G) 

chloroform/methanol/acetic acid (85:10:1). 

fflv ? tnple 1 

nu-nrp-r ^-m.L-a^obu^i^J^ 

' ' , ..-yyp i-nphar ^^YXasa.de 

BaaB^ ^^r''^TTS^ rL) of the sodiu7 

A suspension of 5 g lo.u-" 
salt of 4-methyl-2-oxopentanoic acid and 5.65 9 
£»3 mol, of benzyl bromide in 10 ml of anhydroue 

ai methylfor**mide — £ ° r 4 *»■ ? "^naer 

temperature. After -potion of the ao ^ ^ 

reduced pressure the residue was d to^. ^ 

hexane and washed with water (3 x 20 mxj ^ 

nexane a anhydrous magnesium 

sodium chloride and dried oyer y 

sulfate. Evaporation of solvent gave 6.4 g y 

su - . --^hvl-2-oxopentanoic acid (i) 

of the benzyl ester of 4 -methyl ^ oxup 

as a colorless oil. . q 7 a 

A mixture of 6.4 g (0.029 mol) of (1) and 9.7 g 
,0.029 mol. of TC thyl(triphenylphoaphoranylidene acetate^ 
L 100 mL of dry Xylene chloride was sirred for 
at room temperature and evaporated to dryness. The 
residue was extracted with hexane (3 x 50 mL . The 
nexane solution was washed with !0* sodium ^carbonate 
,2 x 30 mL, . water and saturated sodium chlor.de and 
dried over anhydrous magnesium sulfate. Evaporation 
* the solvent gave 8.0! g (100% yield, 
2-i S obutyl-3-(methoxycarbonyl> -propionate (2) as a 

mixture of E and Z isomers. 

A mixture of 8.01 g (0.029 mol) of (2) and l g 
of 10* palladium on carbon in 50 mL of methanol was 
nydrogenated at room temperature under 4 atmospheres of 
nyoxogen gas for 8 hr. After removal of the catalyst by 
titration the filtrate was evaporated to dryness under 
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.„ , 7 a {86% yield) of 2-iso- 
reduced pressure to give 4.7 g (86 y 
butyl-3- (methoxycarbonyl) -propionic acid (3) 

colorless oil. 1} of (3J and 
To a mixture of 0.85 g i*. 

i a of oxalvl chloride in 10 mL of dry 

5 0.57 g (4.5 mmol) of oxalyl dimethyl f ormamide 

methylene chloride 0.1 mL of Y tempe rature 

™ — " ^orlS ^ Educed pressure and the 
the solvent was hydrous dimethylf orm- 

residu e was dilute to^ ^ h ^ ochloride sa it of 
.0 amide and 1.06 g (4.1 z ^ Ga iardy, iJSgi 

^-tryptophan methylamide (Kortyle addition of 

aem (1990) 21:263-273) was added followed 

x . 3 mL (9-3 mmol) of ^^^U 0 evaporated to 
stirr ed for 7 pressure. The 

residue was diluted to Xb potass ium bisulf ate 

washed with water (2 x 15 mL) , 10% pot 

rc *Y 20 mL) 10% sodium bicarbonate (2 x 20 mw . 

C5 x 20 miij , . d over anhydrous 

propioyll -^tryptophan mO*-** * * . 

were separatee „y 

Isomer 4A: mp=i^ 4 ^ r 

311(1 5B " • «-f n 22 a (3.96 mmol) of 

A warm mixture of 0.22 g 

• H^r-mcide in 1 mL of methanol was added to a 
potassium hydroxide in i hydro chloride 
warm mixture of 0.184 g (2.65 mmol) of the y 
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salt of hydroxylase. After cooling in ice under an 

algon atmosphere the potassium chloride ~ 

ana 0 5 g (1.32 mmol) of (**) was added to the fxltrate. 

The resulting mixture was stirred for 7 hr at room 

temperature and evaporated to dryness under -duced 

Assure. ^ residue was suspended 

acetate and washed with 10 mL of 10% potassx 

saturated sodium chloride and dried over «*J^^^ 

cesium sulfate and evaporated to dryness under reduced 

pressure. The residue was crystallized from ethyl 

acetate to give 0.28 g (56% yield) of pure 5A. 

isomer JB was converted to its correspondxng 
hydroxamic acid Sfi (72% yield) as described for 4A. 

isomer^: mp-176-182«C. R f (D)=0.45. 
isomer SS: mp=157-l62°C. R f (D)-0.39. 
For the case wherein the 4A/4B mixture xs used, 
the 5A can be crystallized directly from the residue as 
Ascribed ^ ^ ^ ^ get forth above, 

but substituting for 4-methyl-2-oxopentanoxc acxd 
2-oxopentanoic acid, 3-methyl-2-oxobutyrxc acid, 2-oxo 
Lxanoic acid. 5-methyl-2-oxohexanoic acid or 2-decanoxc 
acid, the corresponding compounds of formula 1 are 
prepared wherein * is H and R is an n-propyl, -propyl, 
n-butyl, 2-methylbutyl, and n-octyl, respectxvely In 
addltL;, following the procedures set forth ^reinabove 
In Example 1, but omitting the step of 

intermediate obtained by the Wittig reactx on thecorr es 
ponding compounds of formula 2 wherein R xs H and R 
as set forth above are obtained. 

To synthesize the compounds containxng acylated 
forms of the indolyl residue, the intermediate ester of 
formula 3 or 4 is deesterif ied and acylated prxor to 
conversion to the hydroxamate. For illustratxon. 4A 
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deesterif ied »ith sodi™ hydroxide in ethancl and than 
££Ld to give - <L- 2 -isohutyl-3-c^o*ypropanoyl> -L- 
^ophan methylamide. which is treated ^ ^ 
Ztrl** of an aifcyi U-4C, carhop a rd to *tarn _ 
s . ( L-2-i S obutyl-3-carb<»cypropanoyll-L-( (H *=y" 

Z temrTrature to 3 ive the corresponding hydroxamate. 

The mixture of the two diastereoxsomers of 

methyl amide was prepared as descrxbed f or ^ « 

i. ^e mixture was crystalled from ethyl 
SSL - give, after two recrystalli Z at-ns ; 0.2* g 
(49%) of the pure diastereomer 6JJ: mp 155-157 c, 
£ C =0.32. L was converted into its hydroxamxc acxd 7B 
5 the method described in Example 1 in 50% yxeld 
(119 mg)i mp 157-159'C, R f (D)=0.39. 



- M r , t , iri rm1-Tl ( w ' - Hvd-rmnrrarl?pPY3--. 

The reaction of N-methyl-L-tryptophan- 
me thylamide. prepared as described in Example * 
L -tryptophan methylamide, with 1 performed as *-«^* 
forTgave crude N- [D ,L-2-isobutyl-3- (methoxycarbonyl) - 
propanoyll-N-methyl-L-tryptophan methylamide whxch 
was crystallized from ethyl acetate to gxve 76 mg 
(19% yield) of =<P 171-174-C. R f (O=0.40. 
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8A was converted into 9A by the method 
described in Example 1 in 45% yield (34 mg) : mp 180- 
183°C, R f (D)=0.54. 

rrr rmr- ^ ^. ro-^nbur^l (N-h Y droxyrarl->nTiYl amido) - 
rT .^ ri ^ Yl1 -T-^ f 2-n a nhftiv1)-P l^TiP met-nyl amide (llAj 

N- [D,L-isobutyl-3- (methoxycarbonyl) -propanoyl] - 
L-3-(2-naphthyl) -alanine 10A was prepared as described in 
Example 1 from L-3- (2-naphthyl) -alanine methylamide and 
2 The crude product was chromatographed on 60 g of 
silica gel in ethyl acetate : hexane 1:1 to yield 12 mg 
(5% yield) of 10A,: mp 151-158«C, R f (0=0.69. 

10A was converted into the hydroxamate A1& as 
15 in Example 1 in 30% yield (3 mg) : mp 179-181°C, 
R f (D)=0.17. MS-FAB (m/z) 400 (M + +H) . 

Wya triple 5 

T.-p, ^™ nf N- fo-iff^^vl-3-m'-hvdroxYr^rbonYl 
20 ^^Unr ^ l-T^rvnt.nnh^ ? -hyriroxvet-nyl ami de (13&) 

The hydrochloride salt of L- tryptophan 
2-hydroxyethylamide was prepared and coupled with 3_ as 
described for the hydrochloride salt of L- tryptophan 
methylamide in Example 1 except that 2 was activated with 
25 i,i'-carbonyldiimidazole for 20 minutes in methylene 

chloride at room temperature. The crude product was a 
mixture of 0.7 g (67% yield) of the diastereoisomers 
i2A^: R f (O 12£ 0.38, R f (C) 121 0.19. 

12A crystallized from ethyl acetate in 35% 
yield (0.18 g): mp 161-163<»C. R f (0=0.38. 

12A was converted into N- [2-isobutyl-3- (N' - 
hydroxycarbonylamido) -propanoyl] -L- tryptophan 2-hydroxy- 
ethylamide 43A as in Example l in 35% yield (62 mg) : 

R f (D)=0.17, mp 162-163-C. MS-FAB (m/z) 419 (M + +H) . 
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Eyample 6 

DT -o pa r a ^^nn of w- - •! gnbutvl - ^ - (N' - hydroxy carbpnyl 
aTniHoWprnp ann yn - T -i-T-yn^oP^n amylamide f!5A) 
The hydrochloride salt of L- tryptophan 
amylamide was prepared as described in Example 1 for 
L- tryptophan methylamide and was reacted with 1 that had 
been activated with 1, l' -carbonyldiimidazole for 20 
minutes in dichloromethane at room temperature. The 
mixture of the two diastereomers of N- [D , L- 2 - isobutyl - 3 - 
(methoxycarbonyl) -propanoyl] -L-tryptophan amylamide 14A.fi 
(90% yield) was converted to its corresponding hydroxamic 
acids as described for 4A. Slow evaporation of the 
ethylacetate solution gave 0.343 g (71%) of ISA^B: mp 
15 160-163°C. MS-FAB (m/z) 445 (M + + H) . 

Example 7 

p ^ration o f w-r^-igobutvl-^-fN'-hydrQxycarbonYl 
an .1dn) -propar^l -T-tr Y Tt-nphan pjperi dinam,i rle (17A.B) 

20 l- tryptophan piperidinamide was reacted with 2 

as performed in Example 1 for L-tryptophan methylamide to 
give 1.14 g (89% yield) of N- [D,L- 2 -isobutyl -3 - 
(methoxycarbonyl) -propanoyl] -L-tryptophan piperidinamide 
16A.B as a foam; R f (C) (1£&) 0.74, (16B_) 0.67. 

25 16A.B was converted into crude l7fr,B 

identically to 4A in Example 1 in 88% yield (570 mg) : 
R f (D) (17A) 0.41, (17B) 0.30. Crude mi was 
chromatographed on 180 g of silica gel in 12% isopropanol 
in ethyl acetate to give 140 mg (25% yield) of 17A.B . 

30 after crystallization from ethyl acetate: mp 169-170-C 
MS -FAB (m/z) 443 (M + + H) . 
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flxample 8 

. r rnn a n 0 y i 1 -T-^rvptonhan <10<teSVlamide (WI 
The reaction of L- tryptophan dodecylamide was 
prepared in a manner analogous to that described for 
L- tryptophan methylamide in Example 1. This ester was 
reacted with 1 as described in Example 1 to give crude 
N- [D,L-isobutyl-3- (methoxycarbonyl) -propanol] -L- 
tryptophan dodecylamide lfiA^ in 93% yield as a mixture 
of isomers 19A and 12S- This mixture was chromatographed 
on 150 g of silica gel in ethyl acetate : hexane , 1:2, to 
yield 0.62 g of the mixture of the two isomers: R f (E) 

19A 0.37, R f (E) 12fi 0.29. 

Crystallization by slow evaporation from ethyl 
15 acetate gave 0.38 g of AflA contaminated by approximately 
10% of 18B by TLC and NMR analysis: mp 133-135°C. ASA 
was converted to its corresponding hydroxamic acid as 
described in Example l. except that the potassium salt of 
19A crystallized from the alkaline reaction mixture in 
81% yield (222 mg) . The potassium salt of ISA (54 mg) 
was dissolved in 2 mL of boiling methanol, a few drops of 
water were added, and the solution was acidified to pH 6 
with 0.1 N hydrochloric acid and diluted with water to 
give 50 mg (100% yield) of mp 155-159°C, 

25 R f (D)=0.49. MS-FAB (m/z) 543 (M + + H) . 

fixample 9 

tw ^,-^™ »f w.r2-i q oburv1-3-(N'-hydroxYcayhr>n Y lami,do) 
r r-o r?i novll -L^^Ypt-onhan {«* -mwfchvlhpmryl amide (21A) , 
30 The reaction of L-tryptophan (S) -methylbenzyl- 

amide with 3 was performed as described in Example 1 to 
give, after crystallization from ethyl acetate, 330 mg 
(51% yield) of N- [2- isobutyl-3- (methoxycarbonyl) - 
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propanoyl]-L-tryptophan (S) -methylbensylamide 2JJ£: mp 

160-162«C, R~(C)=0.77. 

2fli was converted into hydroxamate aiA by the 
identical method used in Example 1 In 38% yield (76 mg) . 
^ l65 -166°C, R f (D)=0.73. MS -FAB (a/.) 479 (M * H) . 

Tgyample _10 

rrr r— f »- rT-2-isob^rl -i - (N' -*rtomz 

To prepare i-amino-6-phenylmethoxycarbonyl- 
amino-hexane (23), an eouimolar mixture (0.01 mol) of 
i^-diaminohexane and benzaldehyde in 25 mL of ethylene 
chloride was stirred for 5 hr in the presence of 1.5 g of 
anhydrous magnesium sulfate at room temperature. After 
aMy . Kv filtration the filtrate was 

removing the drying agent by filtration 

evaporated to dryness under reduced pressure to give 2 g 
(100% yield) of crude i-amino-6-phenylamino-hexane 22 as 
a colorless oil; NMRtCDCl^) l.i - l^(m, 10H. bexane 
0^-2,-3,-4.-5. H^); 2.6(m, 2H, C^-D ; 3 51(m 2^ 
hexane CH--6) ; 7.1-7.8 (m, 5H, aromatic) ; 8.16(«, 1H, 
imine CH) To a mixture of 2 g (0.01 mol) of 22 and 
X 4 mL (0.01 mol) of triethylamine in 20 mL of methylene 
chloride. Then 1.78 g C0.01 mol) of benzylchlorof ormate 
was added dropwise at -5-C. The resulting mixture was 
stirred for 0.5 hr at 0-C and for 2 hr at room ^ era " 
tU re then diluted to 50 mL with methylene chloride and 
washed with water (20 ml) , 2% sodium bicarbonate (20 ml) , 
water and saturated sodium chloride and dried over 
anhydrous magnesium sulfate. After evaporation of 
solvent under reduced pressure the residue was dissolved 
in 5 mL of ethanol and 10 mL of 2N hydrochloric acid was 
added. The resulting mixture was stirred for 6 hr at 
room temperature then evaporated to dryness under reduced 
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pressure. The residue was diluted to 50 mL with water 
and washed with ethyl ether (2 x 15 ml) - The water phase 
was evaporated under reduced pressure and the product 23 
was purified by crystallization from a small portion of 
water with a yield of 42%; mp 175-178°C. 

To prepare the dipeptide analog (N-(L-2- 
isobutyl - 3 -methoxycarbonyl ) - propanoyl - L - tryptophan 
(25A)) , for derivatization to 21: To a mixture of 1.754 
g (9.32 mmol) of 2-isobutyl-3-methoxycarbonylpropionxc 
acid 1 in 4 mL of 50% anhydrous DMF in methylene chlorxde 
l 66 g (10.2 mmol) of N f N' - carbonyldiimidazole (GDI) was 
added at room temperature. After 15 minutes of stirring 
at room temperature. 3.08 g (9.31 mmol) of the hydro- 
chloride salt of L-tryptophan benzyl ester was added. 
The resulting mixture was stirred overnight at room 
temperature, then diluted to 60 ml, with ethyl acetate and 
washed with 5% sodium bicarbonate (2 x 15 ml) , water 
(2 x 15 ml), saturated sodium chloride solution and drxed 
over magnesium sulfate. Evaporation of the solvent under 
reduced pressure gave 4.32 g (100% yield) of 2±. the 
benzyl ester of IS as a colorless foam, which was used xn 
the next step without further purification. 

Hydrogen gas was bubbled through a mixture of 
4 32 g (9.31 mmol) of 24, and 0.5 g of 10% palladium on 
carbon in 15 ml. of methanol for 2 hr while methanol was 
added to keep the volume of the reaction mixture 
constant. The catalyst was filtered off and washed wxth 
a fresh portion of methanol (15 ml) and the filtrate was 
evaporated to dryness under reduced pressure. Evapora- 
tion of the solvent under reduced pressure and dryxng of 
the residue in vacuo gave 3.08 g (88% yield) of acid 
25A.B as a mixture of two diastereoisomers , in the form 
of a colorless glassy solid. This was separated to gxve 
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isomers 25A and 2JS by flash chromatography (silica gel; 
ethyl acetate; R f (ISA) =0.24, R f (25B>=0.1) 

The compound 2S& was converted to N- [L-2- 
isobutyl-3-methoxycarbonylpropanoyll &g 
(6-phenylmethoxycarbonylamino-hexyl-Damxde (26A) as 

Allows A mixture of 0.55 g (1.47 mmol) of 25A and 
0 24 g (1.48 — 1) of CBX in 1 mL of 2% dimethyl fonnamxde 
in methylene chloride was stirred for 0.5 hr at room 
temperature and 0.42 g (1-47 mmol) of 21 was ^ 
J^r stirring overnight at room temperature th e mxxture 
was diluted to 50 mL with chloroform and washed wxth 2. 
Ttassium bisulfate (2 x 10 ml) , water (10 -1) . « ™ 
bicarbonate (2 x 10 ml) , water (2 x 10 ml) and saturated 
sodium chloride and dried over anhydrous magnesium 
sulfate. Evaporation of the solvent under reduced 
Assure gave 0.8 g of the crude 2£A which was purxfxed 
^Txash chromatography (silica gel; ethyl acetate/hexane 
25-5): Yield 56%; R f (E)=0-57. 

When the product 2& is substituted for 4A xn 
^cample 1, the identical process afforded the title 
compound 27A, melting at 102-10B-C. in 46% yxeld; 
R f (D) =0 . 63 . 



mi nn-ri T - i "n T < """ han (28 ^ 

When cyclohexylamine is substituted for 23 in 
Example 10, the identical process afforded the title 
compound 2fiA melting at 199-203-C, in 49% yield; 
30 R f (D)=0.51. 
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Preparation of N- \ni a-2 - (N' - hydroxy carbonyl - 
amidol -cvclohP -y ylcarbonYll -l- t r yptophan methvlamide (29A,B) 
A mixture of 2 g (0.013 mol) of cis-1,2- 
5 cyclohexane-dicarboxylic anhydride in 15 mL of methanol 
was refluxed for 5 hr, then evaporated to dryness under 
reduced pressure to give 2.41 g (100% yield) of cis-2- 
methoxycarbonyl-cyclohexanecarboxylic acid- When this 
was substituted for 2 in Example 1, the identical process 
10 afforded the title compound, melting at 140-144°C, in 36% 
yield; R f (D)=0.53, 0,47. 

Exam ple 13 

Pre paration of N- rtrans-2- (N' - hydroxy ca rb ony 1 - 
15 amidol - cyclohexylcarbonvll -L- tr y ptophan methvlamide (30A,B) 

When ( + ) trans- 1 , 2 - cyclohexanedicarboxylic 
anhydride was substituted for cis- 1,2 -cyclohexane- 
dicarboxylic anhydride in Example 12, the identical 
process afforded the title compound 30AJ3, melting at 
20 167-174°C, in 37% yield; R f (D)«0.57. 

Example 14 

Preparation of N- r2-isobutvl-3- (N # - h ydroxy carbonvl- 
amido) -propanoyll -L- tryptoph an (31A) 
25 31A was prepared from 25A in Example 10 in a 

similar manner to the preparation of 5A in Example 1 in 
75% yield (128 mg) and isolated as a foam from ethyl 
acetate: R f (F)=0.55, MS-FAB (m/z) <M + + H) . A small 
sample of 31A recrystallized from ethyl acetate had a 
30 melting point of 116- 120 °C. 
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K-rample 15 

tnT-T 1 "" fg-^^nnovrn-DRTnirte (32A) 
A mixture of 0.5 g (8.24 mmol) of 26A in 0.4 mL 
5 of 2N potassium hydroxide in methanol was stirred 

overnight at room temperature, then evaporated to dryness 
under reduced pressure. The residue was diluted to 15 
with water and acidified to pH = 2 with IN hydrochloric 
acid. The crude free acid of 2Sh was taken up with ethyl 
10 acetate (3 x 15 ml) and the organic phase was dried over 
anhydrous magnesium sulfate and evaporated to dryness to 
give 0.45 g (92% yield) of 2£A as a colorless foam. 

Hydrogen gas was bubbled through a mixture of 
0.395 g (6.6 mmol) of the free acid of 2&h in 15 mL of 
15 methanol for 2 hr, in the presence of 0.12 g of 10% 

palladium on carbon at room temperature. The catalyst 
was filtered off, washed with ethanol (2 x 20 ml> and the 
filtrate was evaporated to dryness under reduced pressure 
to give 0.3 g (92% yield) of the title compound m as a 
20 colorless foam; R f (G) = 0.08. 

re-y^^rrple 16 

x^^-ion of N - r^-^-^obutvT-^-rsrboxYpropanoYl) , - 

T,-t-_rvptP r >,aT, Y 1 1 crTvclne 34A,B 
25 The reaction of L-tryptophanyl- glycine methyl 

ester with acid 3, performed as described for 25A gave 
crude N- [N- (D,L-2-isobutyl-3-methoxycarbonylpropanoyl) - 
L-tryptophanyl] -glycine methyl ester 21 in 87% yield as a 
mixture of diastereomers 33A and Isomers 33A and 

30 33B were separated by flash chromatography (silica gel; 

ethyl acetate). Isbmer 3JA mp = 154-155°C; R f (C) = 0.46. 

Esters 33A.B were transformed to free acids 
34A.B by saponification with two equivalent of methanolic 
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potassium hydroxide, as described for 25A. Isomer 3^ 
yield 92%; mp = 96-102'C; R f (G) = 0.31. 

Isomer 34S yield 93%; mp - 99-l05°C; 

R f (G) = 0-25. 

5 

R-y-ample 17 

^ p-^y™ of N - ^^-^-^rbomr-ryrlohexYlr-arboiiYl)- - 
T-t-rvptP p>iar> methyl amide 35 
To a mixture of 0.281 g (1-82 mmol) of cis- 

10 1,2-cyclohexanedicarboxylic anhydride and 0.47 g of the 
hydrochloride salt of L-Trp-NHMe in 0.5 mL of dimethyl - 
formamide 0.51 mL of triethylamine was added at room 
temperature. After 2 hr of stirring the resulting 
mixture was diluted to 10 mL with water and 25 mL of 

15 ethyl acetate was added. The resulting mixture was 

acidified to pH = 2 with 10% potassium bisulfate and the 
organic phase was washed with water (2 x 15 ml) , 
saturated sodium chloride and dried over anhydrous 
magnesium sulfate and evaporated to dryness. The title 

20 compound 3JL was purified by crystallization from an ethyl 
acetate -hexane mixture. Yield 48%; mp = 105-112-C; 
R f (G) = 0.65, 0.61. 



25 



Fyample 18 

o^ rr ^inn of N -^^n^-2-carboxv-CVclohexYlr.arbQnYl) 

T-f rvntonV ^n methvl amide 36 
When (+) trans -1,2-cyclohexanedicarboxylic 
anhydride is substituted for cis-l,2-cyclohexane- 
dicarboxylic anhydride in Example 17, the identical 
30 process afforded the title compound 36 in 56% yield: 
mp = 167-174°C; Rf (G) = 0.67, 0.61. 
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Kxample 13. 

^t-mn of N- rz-lgonnTTy-i. j -L. — — _ 

r - rrr ^ , 11 -T-r.rv. l ,nn tl - l r i t Wnrt> (37 A I 

To 97.5 mg (0.25 mmol) of Sfi (««Pl« « " °; 5 
„. of dimethylformamide was added 25.5 mg (0 25 mmol> 
acetic anhydride and 37 mg (0.25 mmol) of 1,8- 
aI.z^i= y cLt5.4.0]undec-7-e n e (DBU) at room temperature. 
£«f standing overnight, the DMF was evaporated under 
vacuum and the residue taKen up in a mixture of 
volumes of ethyl acetate and 2* potassium 
bSulfate. The ethyl acetate layer was washed with 2. 
potassium bisulfate. water, and brine, dried over 
magnesium sulfate, and evaporated to give a solid. The 
solid was dissolved in a 1:1 mixture of hot 
acetate.hexane. which upon standing at room t>»*«-»» 
gave 71 mg (66* yield) of solid product 32*: •*-«« 
186°C; Rf(G>=0.68. 

pj-yample 2Q 

* w ft, -i 1 ~\ (IT' -^^yY car ^"^' a " 1 ' i AC>1> ' 

r^p^t-ion of N-hffPburyl-VlN ay -- 

To 30.5 mg (0.25 imnoD of benzoic acid xn 1 ml 
of tetrahydrofuran was added 40.5 mg (0.25 mmol) of 
cLboayldlimidazole. After 10 minutes. 97 mg (0.25 mmol) 
of compound 5A from Example 1 was added in 1 ml of 
dimethylfornamide. After 10 minutes, tne reactxon 
.ixture was evaporated to dryness under big* ^~ ^ 
dissolved in a mixture of equal volumes of f^ 1 ^^ 
and water. Tbe ethyl acetate layer was wasbed wxtb 5% 
sodium bicarbonate, water. 2% sodium bisul fate, water 
and brine, and dried over magnesium sulfate. ^™ 
of the ethyl acetate layer to a small volume gave 50 mg 
(41%) of the title compound, 2M: mp=l87-187.5 , 
Fr (G) =0 . 54 - 
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Erairole 21 

Applying the methods set forth above, the 
following invention compounds are synthesized: 

5 

H0NHC0CH 2 CH(n-hexyl) -CO-L-Trp-NHMe; 

HONHCOCH 2 CH(n-pentyl) -CO-L-Trp-NHMe; 

HONHCOCH 2 CH(i-pentyl) -CO-L-Trp-NHMe; 

HONHCOCH 2 CH (ethyl) -CO-L-Trp-NHMe; 
10 HONHCOCH 2 CH (ethyl) -CO-L-Trp-NHCH 2 CH 3 ; 

HONHCOCH 2 CH (ethyl) -CO-L-Trp-NHCH 2 CH 2 OH; 

HONHCOCH 2 CH ( ethyl ) - CO- L - Trp - NHcyclohexyl ; 

MeONHCOCH 2 CH(iBu) -CO-L-Trp-NHEt; 

EtONMeCOCH 2 CH(iBu) -CO-L-Trp-NHEt; 
15 MeONHCOCH 2 CH(iBu) -CO-L-Ala (2-naphthyl) -NHEt; and 

EtONMeCOCI^CHUBu) -CO-L-Ala (2 -naphthyl) -NHEt. 

Example 22 
Aflsay of Inhibition Activity 

20 Inhibitors were assayed against crude or 

purified human skin fibroblast collagenase using the 
synthetic thiol ester substrate at pH 6.5 exactly as 
described by Kortylewicz & Galardy, J Med Chem (1990) 
13:263-273. The collagenase concentration was 1-2 nM. 

25 The compounds of Examples 1-18 are tested for their 

ability to inhibit crude collagenase and gelatinase from 
human skin fibroblasts, crude collagenase and gelatinase 
from purulent human sputum in this assay. The results 
with respect to crude enzyme preparation are shown in 

30 Table 1. The Ki of 5A for purified human skin 

collagenase is 0.4 nM. Assays for inhibition of human 
stromelysin are conducted as described by Teahan, J., et 
al., Biochemistry (1989) 20:8497-8501. 
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MO. 




1 


5A 


1 


5B 


2 


7A 


3 


9A 


4 


11A 


5 


13A 


6 


15A 


7 


17A,B 


8 


19A 


9 


21A 


10 


27A 


11 


28A 


12 


29A,B 



NHOHCCCH 2 CH ( i-Btt) CO-L-Trp-NHMe * 
NHOHCOCH-CH ( i-BU) CO-L-Trp-NHMe 

4CH ( i-BU) CO-D-Trp-NHMe 70,000 
NHOHCOCH-CH ( i-BU) cO-L-N-MeTrp-NHMe 

20 



HHOHCOCH 2 CH(i-BU)CO-D-Trp-NBMe^^ ^ 

IHHe 

10 6 15* 200 



KHOHCOCH2CH(i-Bu)CO-L-Ala(2-naphttiyl)HBMe 
NH0HC0CH 2 CH(i-BU) CO-L-Trp-NH(CH 2 ) 2 0H ^ 



NHOHCOCH^CHd-BUJCO-L-Trp-NHCCHjJ^CB^ 3 

NHOHCOCH-CH ( i-BU) C0-I-Trp-NH ( S) CHMePh 3 

NHOHCOCH-CH ( i-Bu) CO-L-Trp-HH (CH^) 6 NH-CBZ 13 

NHOHCOCH-CH ( i— Bu) co-L-Trp-HHcyclohexyl SO 



cis-NHOHCO 



20 I I >10,000 

13 30A,B trans-NHOHCO 

U-Trp-NHMe 

200 

X4 31A NHOHC0-CH 2CT (i-B«,-L-Trp-OH 




25 15 32A HOOC-CH 2 CH(i-BU>CO-L-Trp-NH(CH 2 )MH 2 ^ 

16 34A H0C0-CH 2 CH(i-Bu)CO-L-Trp-Gly-OH ' > 
3 4B HOCO-CH 2 CH ( i-BU) CO-L-Trp-Gly-OH 



17 35 



cis-HOCO 




18 36 trans -HOCO 

35 O*^ L-Trp-NHMe 




>10,000 
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pirample 21 
vr ~„^i™ of Co m^i TTlceraHon in the 
alkali P nmPfi Rafrv^t: cornea 
The ability of the invention compounds to 
prevent ulceration has been confirmed by a corneal assay 
conducted by Gregory Schultz, University of Florida, 

Gainesville, FL. 

Twenty rabbit eyes were burned for 60 seconds 
with l N NaOH to a diameter of 10 mm. The ten control 
eyes were treated with two drops of hypotonic buffer 
every two hours from 8 AM to 6 PM, and then with a 
subconjunctival injection of 0.5 mL of buffer in the 
evening. The experimental eyes were treated identically 
but with 400 M g Per mL inhibitor in buffer. Eyes were 
scored clinically with 0 being no ulceration and 5 
equalling perforation of the cornea. Figure 1 shows 
average clinical score over 26 days. The compound 5A 
shows marked protection of the cornea from perforation. 
Figure 2 shows percent of corneas not perforated over 26 
20 days; compound 5A shows 100% protection. 

A histological examination of the treated and 
untreated corneas showed the following: 

Perpendicular sections though the corneas of 
rabbits were examined 28 days following severe alkali 
25 injuries which were made by exposing the corneas of 
anesthetized rabbits to 2 N sodium hydroxide for 60 
seconds in a 12.5 mm diameter well. Following injury, 
rabbits were treated topically with 2 drops every other 
hour between 8 AM and 6 PM followed by a subconjunctival 
injection of 0.5 mL of collagenase inhibitor of formula 
5A or vehicle (50 mM Hepes, Antibiotics) . 

The cornea of a rabbit treated with collagenase 
inhibitor shows lamellae that have begun to repopulate 
with keratocytes which have most likely migrated from the 



30 



WO 92/09556 



PCT/US91/08723 



-42- 

uninjured peripheral cornea and sclera. The stroma also 
contains some inflammatory cells presumably macrophages 
which have migrated into the injured cornea. There is 
little evidence for disruption of the extracellular 
5 matrix of the stromal lamellae and there is no evidence 
of significant extracellular matrix destruction. The 
epithelium in this section has resurfaced the cornea, 
although the epithelium is tenuously attached as 
evidenced by the separation of the sections of the 

10 epithelium from the underlying stroma. There is no 
evidence of neovascularization of this part of the 
cornea. The endothelial surface has not regenerated and 
Descemet's membrane has separated from the stroma in a 
cloudy cornea which lacks persistent and can$>lete 

15 epithelial regeneration and also lacks significant 
stromal ulceration. 

Cornea treated only with vehicle shows a 
dominant appearance of extensive degradation of the 
stromal matrix and the presence of massive inflammatory 

20 cell infiltrates. These inflammatory cells most probably 
are macrophages and neutrophils. The stromal lamellae 
have digested in this section approximately two- thirds of 
the complete depth of the stroma, and in adjacent 
sections, erosion has occurred to Descemet's membrane . 

25 The stroma appears to have a frayed appearance at the 
edge where the inflammatory cell infiltration is most 
extensive. Fracture lines running through the stroma 
suggest a general weakening of the extracellular matrix. 
In this section of the cornea there is no evidence of 

30 neovascularization, epithelial cells, or endothelial 
cells. Fragments of endothelial cells are present on 
Descemet's membrane together with inflammatory cells in 
the anterior chamber fluid. Few if any keratocytes can 
be identified in the stroma . This microscopic section is 
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generally consistent with the results of slit lamp 
microscopy which indicated that the cornea had extensive 
ulceration and peripheral neovascularization. 

Overall, the histopathology of these two 
5 sections suggest that a major effect of the collagenase 
inhibitor in preventing ulceration is due to a reduction 
in the inflammatory cell filtration into the alkali 
injured cornea. Furthermore, this section suggests that 
repopulation of the stroma in the collagenase inhibitor 
10 treated corneas has begun and incomplete epithelial 
regeneration of a transient nature has begun on the 
epithelial surface with no regeneration of the 
endothelium. 
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l. A compound which inhibits at least one 
mammalian matrix metalloprotease, said compound having 
5 the formula: 

R 7 ONR 6 CO-/ CH\ -CHCON-CHCOX 

R / R R R 
n 

10 or 

R 7 ONR 6 CO-/Ch\ - C-CCON-CHCOX 
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(2) 

i 3 * 2 R 3 R 4 
m 



U U 2 

R / R R R R 



8C) 



wherein each R 1 is independently H or alkyl (1- 
and R 2 is alkyl (1-8C) or wherein the proximal R and 
R 2 taken together are - (CH^p- wherein p = 3-5; 
R 3 is H or alkyl (1-4C) ; 

R 4 is fused or conjugated unsubstituted or 
substituted bicycloaryl methylene; 
n is 0, 1 or 2,- 
rn is 0 or 1; and 

X is OR 5 or NHR 5 , wherein R 5 is H or substi- 
tuted or unsubstituted alkyl (1-12C), aryl (6-12C) , aryl 

alkyl (6-16C); or 

X is an amino acid residue or amide thereof; or 
X is the residue of a cyclic amine or hetero- 
cyclic amine; and 7 

wherein R 6 is H or lower alkyl (1-4C) and R is 

H, lower alkyl (1-4C) or an acyl group, and 

wherein -CONR 3 - is optionally in modified 
isosteric form. 
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3 

2. The compound of claim 1 wherein R is H, 
and/or R 7 and R 6 are H, and/or R 1 is H and/or R 2 is alkyl 
(3-8C), and/or X is NHR 5 or the residue of a cyclic amine 
or heterocyclic amine, and/or R 4 is selected from the 
5 group consisting of 1- (2 -methyl naphthyl) methylene; 

1-quinolyl methylene; 1-naphthyl methylene; 2-naphthyl 
methylene; 1-isoquinolyl methylene; 3-isoquinolyl 
methylene; 3 - thionaphthenyl methylene; 3-cumaronyl 
methylene; 3- (5 -methyl indolyl) methylene; 3- (5- 
10 hydroxyindolyl ) methylene ; 3 - (2 -hydroxy indolyl ) methylene ; 
biphenyl methylene; (3 -indolyl) methylene and 
4-phenylpyrimidyl methylene; and the substituted forms 
thereof . 

15 3. The confound of claim 2 wherein X is NHR 5 

and wherein R 5 is alkyl (1-4C) ; a substituted alkyl (1-4C 
substituted with one hydroxyl group); aryl alkyl; or a 
substituted alkyl (2-7C substituted with phenylmethoxy- 
carbonylamido) , and/or R 2 is isobutyl, 2-methylbutyl, or 

20 isopropyl, and/or R 4 is (3 -indolyl) methylene or its N- 
acylated (1-5C) substituted form. 

4. The compound of claim 1 which is selected 
from the group consisting of: 



25 

HONHCOCH 2 CH(n-hexyl) -CO-L-Trp-NHMe; 
H0NHC0CH 2 CH(n-pentyl) -CO-L-Trp-NHMe; 
H0NHC0CH 2 CH(i-pentyl) -CO-L-Trp-NHMe; 
HONHCOCH 2 CH( ethyl) -CO-L-Trp-NHMe; 
3 0 H0NHC0CH 2 CH ( ethyl ) - CO - L - Trp - NHCH 2 CH3 ; 

H0NHC0CH 2 CH { ethyl ) - CO- L- Trp -NHCH 2 CH 2 OH ; 
H0NHC0CH 2 CH ( ethyl ) - CO - L - Trp - NHcy cl ohexy 1 ; 
MeONHC0CH 2 CH(iBu) -CO-L-Trp-NHEt ; 
EtONMeCOCH 2 CH(iBu) -CO-L-Trp-NHEt; 
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MeONHCOO^CHdBu) -C0-L-Ala(2-naphthyl) -NHEt; 

EtONMeCOCH 2 CH(iBu) -CO-L-Ala (2-naphthyl) -NHEt; 

HONHCOCH 2 CH ( i - Bu) CO -L-Trp -NHMe ; 

HONHCOCH 2 CH(i-Bu) CO-L-N-MeTrp-NHMe; 
5 HONHCOCH 2 CH(i-Bu)CO-L-Trp-NH(CH 2 )20H; 

HONHCOO^CH (i-Bu) CO-L-Trp-NH (S) CHMePh; 

HONHCOO^OKi-Bu) CO-L-Trp-NH(CH 2 ) g NH-CBZ; 

HONHCOCH 2 CH(i-Bu) CO-L-Ala (2 -naphthyl) NHMe; 

HONHCOCH 2 CH(i-Bu) CO-L-Trp-NH (CH 2 ) 4 CH 3 ; 
10 HONHCOCH^CHd-Bu) CO -L-Trp -piperidine ; 

HONHCOCH 2 CH(i-Bu) CO-L-Trp-NH (CH 2 > X1 CE 2 ; 

H0NHC0CH 2 CH(i-Bu) CO- L-Trp- NHcyclohexyl ; 

H0NHC0CH 2 CH(i-Bu) -L-Trp-OH; 

HONMeCOCH 2 CH ( i - Bu ) CO -L-Trp -NHMe; 
15 HONEtCOCH^CHd-BulCO-L-Trp-NHMe; 

CH 3 COONHCOCH2 CH ( i - Bu ) CO-L-Trp-NHMe; 

OCOONHCOCB^CH ( i-Bu) CO-L-Trp-NHMe ; 

CHgCOONMaCOCH^CHd-Bu) CO-L-Trp-NHMe; and 

0COONEtCOCH 2 CH (i-Bu) CO-L-Trp-NHMe . 



20 



5. The compound of claims 1-4 conjugated to a 
moiety which is a radioactive label, an antigenically 
neutral carrier, a targeting ligand, or a solid support. 

25 6. A pharmaceutical composition effective in 

treating conditions characterized by unwanted matrix 
metalloprotease activity, which composition comprises an 
amount of the compound of claims 1-4 effective to inhibit 
said matrix metalloprotease activity in admixture with a 

30 pharmaceutical^ acceptable excipient. 

7. The use of the compound of claims 1-4 or a 
pharmaceutical composition thereof to inhibit said matrix 
m talloprotease activity to treat conditions 
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characterized by unwanted matrix metalloprotease activity 
wherein said condition is selected from the group 
consisting of stomach ulcers, superficial wounds, 
epidermolysis bullosa, skin cancer, pemphigus, septic 
5 shock and ARDS - 

8 . A method to inhibit matrix metalloprotease 
activity in vitro or in cell culture, which method 
comprises contacting the matrix metalloprotease to be 

10 inhibited with an effective amount of the compound of 
claims 1-4. 

9. An antibody preparation specifically 
immunoreactive with the compound of claims 1-4. 

15 

10 . A method to assess the level of the 
compound of claims 1-4 in a biological sample, which 
method comprises contacting the sample with an antibody 
preparation specifically immunoreactive with the compound 

20 of claims 1-4 under conditions wherein said antibodies 
complex with said compound if present, and 

detecting the presence or absence of the 

complex. 

25 11. A method to prepare a compound of the 

formula 



30 
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10 




R 7 ONR 6 CO/CH^ CHCON-CHCOX (i) 

' I ' 4 

R R 



or 



8C) 
R 2 



R 7 ONR 6 Cc/aA C=CCON-CHCOX ^ 

wherein each R 1 is independently H or alkyl (1- 
and R 2 is alkyl (1-8C) or wherein the proximal R and 
taken together are -{CH^p- wherein p = 3-5; 
r 3 is H or alkyl (1-4C) ; 
r 4 is fused or conjugated unsubstituted or 
15 substituted bicycloaryl methylene ; 

n is 0, 1 or 2; 
m. is 0 or 1; and 

X is OR 5 or NHR 5 , wherein R is H or substi- 
tuted or unsubstituted alkyl (1-12C), aryl (6-12C) , aryl 

20 alkyl (6-16C); or 

X is an amino acid residue or amide thereof, or 
X is the residue of a cyclic amine or hetero- 

cyclic amine; and 7 . 

wherein R 6 is H or lower alkyl (1-4C) and R xs 
25 H, lower alkyl (X-4C) or an acyl group, and wherein - 
CONR 3 - is optionally in modified isosteric form; 

. which method comprises treating a compound of 

the formula 
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10 



15 



rooc-/ch\ -chcon-chcox 



R 1 / R R R 



or 




ROOC - f CH\ - C=CCON- CHCOX 

ui2 13I4 < 41 



20 



R R R R 



or an activated form thereof; 

wherein R is H or alkyl (1-6C), and the 
remaining substituents are as above defined, with an 
amount of substituted or unsubstituted hydroxylamine and 
under conditions effective to convert the compounds of 
the formulas (3) and (4) into the compounds of formulas 
(1) and (2) , respectively, and 

recovering the compound of formula (l) or (2) . 

12. A compound of the formula 
R0OC-/CH\ -CHCON-CHCOX 



R J R' 



25 or 

ROOC- ( CH\ -C=CC0N- CHCOX 



lR 1 / R^R^ R J R* 



m 



wherein R is H or alkyl (1-6C) ; 

each R 1 is independently H or alkyl (1-8C) and 
R 2 is alkyl (1-8C) or wherein the proximal R 1 and R 2 
taken together are -(CH 2 ) p - wherein p = 3-5; 

R 3 is H or alkyl (1-4C) ; 
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R 4 is fused or conjugated unsubstituted or 
substituted bicycloaryl methylene; 

n is 0, 1 or 2; 

m is 0 or 1; and 
5 X is OR 5 or NHR 5 , wherein R 5 is H or substi- 

tuted or unsubstituted alkyl (1-12C) , aryl (6-12C) , aryl 

alkyl (6-16C) ; or 

X is an amino acid residue or amide thereof; or 
X is the residue of a cyclic amine or hetero- 

10 cyclic amine; and 

wherein -CONR 3 is optionally in modified 

isosteric form. 



15 formula 



20 



25 



30 




13 . A method to prepare a compound of the 



r 7 onr 6 co-/ch\ -CHCON-CHCOX 



or 

r 7 onr 6 co-/ch\ -C-CCON-CHCOX 

ll>2 l 3 U (2) 
R X R A R R 



wherein each R 1 is independently H or alkyl (1- 
8C) and R 2 is alkyl (1-8C) or wherein the proximal R 1 and 
R 2 taken together are -(CH 2 ) p - wherein p = 3-5; 

R 3 is H or alkyl (1-4C) ; 

R 4 is fused or conjugated unsubstituted or 
substituted bicycloaryl methylene; 
n is 0, 1 or 2; 
m is 0 or 1; and 
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X is OR 5 or NHR 5 , wherein R 5 is H or substi- 
tuted or unsubstituted alkyl (1-12C) , aryl (6-12C) , aryl 

alkyl (6-16C) ; or 

X is an amino acid residue or amide thereof; or 
5 x is the residue of a cyclic amine or hetero- 

cyclic amine; and 

wherein R 6 is lower alkyl (1-4C) and R is H, 

lower alkyl (1-4C) or acyl; 

wherein -CONR 3 is optionally in modified 

10 isosteric form; 

which method comprises treating a compound of 

the formula 

r 7 onhco/ch\ -CHCON-CHCOX 
15 UVn* 2 ^ 



20 



or 



R 7 ONHCO/ CH\ - CH=CH- CON- CHCOX 

in il l 2 'sU 
R / m R 1 R 2 R R 



wherein the substituents are as above defined 
with an alkylating agent. 
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